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The basic fuels used for internal combustion ship engines in the
USSR are refined petroleum products. Generally speaking » of the
fuels used in all branches of industry ia the USSR up to TOp are
vetrolam nroducts,

Prom 1931 to 1946 a classification for petroleum was in use which
divided fuels into six groups depending on the fractional content
of predominating hydrocarbons. In 1946 a new standard industrial
classification of petroleun (GOST 912-k6) was introduced and is
in effect todsy. The new classification is based upon the amount
of sulphur, resins, and paraffin content of the fuel and also the
quality of products obtained by the cracking process: Gasolines,
kerosenes and oils. Petrolewm is divided according to the
following.

(a) By sulphur content:

(1) 011 sulphides with a content of up to
0.5% sulphur

(2) Sulphides with a content of moye than
0.5% sulphur
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By the content of resinous substances:
(1) Low resinous with a content of up to 1T% resin
{2} Fesinous with & content or from 18 to 35% resin

(3) High resinous with a content of more than
35% resin

By the temperature of the thickening of the oil fraction

‘with an Bugler viscosity of 7 degrees centigrade (7/350 =17/):

(1) Low paraffin with a thicker“ng temperature of .
minus 16 degrees centigrade and lower

(2) Paraffinous with a thickening temperature
of from minue 15 to plus 20 degrees centigrade

(3) High paraffinous with a thickening temperature
higher than 20 degrees centigrade.

3.  Puels are divided into 48 types according to the quality of gasolines,
kerosenes and oils:

(o)

(v)

(e)
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Gesolines:

(1) Petrolem that contains high cctane gasoline
(an cctane count of 72 and more)

{2) Petroleum that contains medium octane gasoline
{an octane comnt of fram 65 to T1)

(3) Petrolem that contains low octane gasolins
{a count of 65 and less)

(4) Petroleum not containing gasoline.
Kerosenes:

(1) Petrolewm containing trsctor kerosene (octene
count of 40 and more)

(2) Petrolewn coateining intermediate kerosene
(octane count of 30 to 39)

(3) Petrolemm contaiming low octane kerosens
(count of less than 30)

Oils:

(1) Petrolemm containiag bigh fodex oil with a
specific weight of the oil fraction ¢.903 and
lower )

(2) Petrolews coutainisg mediwm index oil with s .
specitic weight 0.90k to 0.92;

(3) Petrolewm costaining & low index oil with specific
weight 0.927 aad more

(3) Petrolewm mot comtatniag oils.
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k.  Puels used in internal combustion ship engines ere divided into
two basic types:

(a) Puels of the furnace type, that is , soiarium and
Diesel fuel

(v) Residual fuels or simply residues (mezuts) .

5. The basic criterion for selecting fuels for ship engines is the
degree of gpeed of the latter. Thus ship engines are divided
into three groups:

(a) Slow speed with 500 revolutions rer minute and
average cylinder stroke of four to six meters
per second.

(v) Medium speed from 500 rpm to 1,000 rpm and an
average cylinder stroke of from six to nine
meters per second.

(c) High speed with 1,000 rpm and an average cylinder
stroke of nine to 12 meters per second.

6. In order to avoid trouble in the operation of ship engines, the
Merchant Registry issued a set of rules designating which fuels
should be used for which engines. The factories producing the
engines state which type of fuel is to be used in them and
different fuels may be substituted only after controlled experi-
mentation. According to the rules of the Merchant Registry the
ignition temperature for heavy fueis should not be lower than
Plus 65 degrees centigrade (according vo Nartens-Pensky).

7. Tor low speed engines, motor fuel (GOBT 1667-k2) either residual or
mixed is used: )

(a) Motor fuel M-3 is & mizture of mszut vitk solariun fractions.
The Engler viscosity of this fuel is 50 at 50°C. The igrition
temperature is 65°C and the thickening temperature is 5°C.
This fuel is used widely in ship engines not requiring ary
kind of pre-heating of the fuel. Glavneftesbyt (Bead
Directorate of Petrolewm Marketing) of the Ministry of the
Petrolewm Industry recommends the use of M-3 for low speed,
low power engines of 250 to 500 rpms developing 100 hp.

M~3 can be used also as & starting fuel for engiunes operating
with heavy-type fuels M-k and M-S. ,

(b) M-k 1s a residue from the cracking process. The Engler
viscosity is 7.5° at 509C, the stiffening temperature is
minus 5°C end the iguition temperature is plus 650C. M-k
may be used by heating it with hot water at e temperature
of 45° to 50°C, but in the summertime vhen the temperature
of the surrounding atmosphere is high enugh, this fuel can
be used without pre-heating. This fuel is used orincipally
in siow-speed engines bavicg a comparst.ively large cylinder
power (more then 100 effective hp per cylinder) if the fuel
is filtered carefully and the weter removed (about two per
cent water may be expected to sppear in the fuel).

(c) Motor fuel M-5 like M-b 1s & residual fuel. The Engler
viscosity 1s 9.0° at 50°C, the thickening temperature is plus
59C and the ignition tempersture is 90°C. Several types of
this fuel have an even higher thickening temperature (plus
35°C). M-5 requires pre-heating from ¥° to 70°C, depending
upon the type of fuel, in order to lower the viscosity to
three to five degrees. In this conditiom the fuel hag the
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proper degree of fluidity. This fuel like M-b is used
principally in low-speed engines of comparatively large
cylinder power (more than 100 effective hp per cylinder),
providing that the fuel is carefully filtered and water
removed.

8. Solarium oil (GOBT 1666-42) is used for medium-speed engines.
Solarium is a distilled petroleum product having a boiling point
of from 240° to 260°C ard a distilling fraction of 55 to 60% up
to 350°C. The ignition temperature of solarium iz 125°C (ac-
cording to Brenken), and the thickening temperature is -200C.
The viscusity of solarium is 1.2 to 1.75 degrers Engler at 50°C.
The high quality of solarium makes it especia’ly adaptable for
use in mediwm-speed engines on account of its comparative safety
from fire hazard and on account of the fart that it sprays well
into the cylinders of the engine. Solarium is also used for a
preparation of mixed fuels (M-3). A substitute for solarium is
Diesel fuel.

9. Summer and winter Diescl fuel (GOST 305-42) and Diesel aviation
fuel (OST VIU 161-h4) are used for high-speed engines.

(a) Diesel auto tractor summer fuel is an intermediste
product of the cracking process, consisting of heavy
kerosene fractions and light colarium fractions.

Swmer fuel has a thickening temperature of minus

10°C and an ignition temperature of 659C. Its viscosity
equals 1.4 to 1.7 degrees Engler at 20°C. At 350°C

this fuel conteins 85% topping.

(v) Diesel auto tractor winter fuel is an intermediate
produc. of the cracking process, consisting of heavy
kerosene fractions and light solarium fractions. Winter

\ fuel has a thickening temperature of minus 35°C apd an

‘ ignition temperature of 65°. Its viscosity equals 1.4
to 1.7 degrees Bngler (at 20°C). At 3509C the fuel has
85% topping. The industrial price of Diesel auto tracior
fuel in 1951 averaged 640 rubles per ton.

Diessl aviabtion fuel of the iype "AD 40-30-1.1-1.5" is

& fuel of very high quality used in high-speed engines
havin~ self-ignition. The designation of this fuel has
the following meaning: AD mesns aviation "Diesel” fuel,
1.1-1.5 means that the viscosity is from 1.1 to 1.5 degrees
Engler (at 20°C), 340 means that at 340°C the maximum
fraction (97%) is distilied and finally that the cetane
count of this fuel should not be lces than 4O. The
ignition temperature of thiv fucl is 28°C and the thick-
ening temperature minus 55°C.

-~
[t
S’

10. Besides the fuels prescribed by the standard there 1s still another
series of non-staniard fuels used in ship engines, and the charscter-
isticz of which depend msinly on their origin. The use of non-standard
fuels ir ship engines requires the comcurrence of organs of the
Merchant Registry and the quality of these fuels should approximate
the recuirements of the engine manufacturer.

1l. The minimm temperature at which a fuel ignites itself and dburns
wvithout the action of any kind of outward source of ignition is one
of the most important characteristics of a glven fuel as it shows the
degree of suitability of the latter for use in e.gines. The tempera-
ture of self-ignition of a given fuel in relation to the pressure
sxerted at the end of the compression process has special mesning
in engises.

I

Sanitized Copy Approved for Release 2011/09/01 : CIA-RDP80-00809A000600060302-0



Sanitized Copy Approved for Release 2011/09/01 : CIA-RDP80-00809A000600060302-0

SECRET
-5 - j

12. Puel is injected into the cylinder of an engine at rather low
temperatures (40° to 60°C). This fuel temperature is much less
than the temperature of the compressed air in the cylinder
{600° to T00°C). The intermediate time from the moment of the
actual entrance of the fuel into the cylinder to the moment that
compression begins in the cylinder is called the periol of delay
in self-ignition and is measured ir thousandths of a second or
in degrees of angie of crankshafi revolutions. The length of the
period of delay in self-ignition depends on many factors, first
of all, on the physical (the heating drop, evaporation, the
heating of the vapors to the temperature of the compressed air,
etc) and chemical (type of fuel, its structure, speed of reaction
of oxidization ¢ the fuel with oxygen from the air, etc).

13. The length of the period of delay in self-ignition determines the
quality of tbe fuel which i3 in turn responsible for the ease of
starting of the engine s smoothness of operations, etc. The
quality of self-ignition of the fuel also exerts an in’lueuce on
the completeness and fullmess of bur r.; specific consumption,
extent of after burning » ete or in other words, on the entire
burning process.

1. A series of laboratory and motor tests have been devised for the
evaluation of the seif-igniting quelity in fuel. Of the motor
methods in the USSR the most widely used were the methods of
determining the critical degree of compression and those de-
termining the period of delay in self-ignition.

15. The idea of the method of determining the critical degree of
compression is, that on a specilal four-stroke, one~-cylinder engine,
having a c egsion degree of from seven to 23 and having a
Diesel head (the normal one being used for determining the octane
count of gasoline and other 1light fuels) .t is possiblu to deter-
mine a minimum degree of compression at which the fuel being
tested ignites itself. This degree of compression is called
critical. The lower the critica)l degree of compression tke higher
the quality of fuel as far as self-ignition and burning is con-
cerned.

The method of determining the period of delay in self-ignition is
based on the taking of detailed indicator diagrams from the engine
used in the test. As in the case of determining the critical degree
of compression, an engine with a variable degree of campression is
used for this test, and the fuel is also tested in the normal vorking
of an engine by injecting the fuel at temperatures raunging from 10°
to the highest abgolute point. In order to determine the extent of
the delay in self-ignition, a special device is used vhich records
the moment of the injection of the fuel and the moment that it is
ignited.

17. Practically.it has been proven much easier not to use the absolute
critical degree of compression and the period of delay in seif-
ignition but simply ic campare these qualities with the standard
ones for standard fuels. Por this purpoge at first two chemically
pure hydrocarbons were used of vhich the first » cetene, has the
most absolutely low point of self-ignition (that is , at a low critical
degree of compression and a short period of delay ia salf-ignitionm
and the second, meritlice, to the coutrary has the most difficul:
degree of self-ignition. At present tLere are new standards for
fuel; cetane (C)g Ny, ) 1s the most stable in storing end alpha-
methyloaphthalene (é:l ¥10) ie the cheapest. The grading of fuel

§.o
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for engines ss regards self-ignition is done by the so-called

cetare count showing the per cent by volume of cetane contained

in the fuel in a mixture of it with alphamethylnaphthalene which

when used experimentally in an engine with a changeable degree

of compression shows the equivalent in self-ignition with the

fuel being i:sted. The self-ignition degree of cetane corresponds

to the figure 100 and the self-ignition degree of alphamethyluaphthalene
corresponds to the figure zero. The cetane count is determined usually
by the method of coinciding ignitions. If the critical degree of com-
Pression is found for a given fuel, then two mixtures of standard fuels
are made. These fuels differ from each other by not more than four
units of cetane count, one of which gives a coincidece of ignition

at a lower and the other at a higher degree of compression than the
degree of compression found for the frel being tested. Then by the
method of interpolation, the percentages of the mixture are found.

This mixture has the same critical degree of compression us the fuel
being tested. The percentage of cetane in this mixture is called the
cetane count of the fuel.

18. The difference between the cetane and the cetere count of the fuel
is that the cetame count equals 7/8 of the cetene count. In everyday
experiments, the cheaper secondary standsrd fuels (the tares of which
are determined in relation to the primary fuels) having a lower
cetane count (for example Diesel fuel with a cetame count not less
than 60 and green soap with a cetane count of not mcre than 25) are
used. The cetane count is a comparative quantity and is not an
abgolute measure of the quality of self-ignition in an engine as the
latter depends also on the form of the cumbustion chamber and other
factors. The cetane counts of fuels indirectly showing the period
of delay in self-ignition are selected in accordance with the kind
of engine and the degree of its speed snd power as follows:

(e} For low-speed engines -- from 35 to 50
(b) TPor high-speed engines -- from L0 to 60.

19. The cetane counts of Diesel fuels made from Soviet petrolewum vary from
40 to T0, that is, they completely fulfill the specifications for fuels
for high-speed engines.

20. Besides determining the cetane count by means of special engines, tkere
is also a device called the "bomb" which is used for this purpose in
vhich the conditions of pressure and temperature correspond vith those
found in an actusl engine. In high-speed and forced-injection engines
the cetane content of the fuel is often raised by the addition of high
cetene components. Some of these are peroxide acetyls, tetralenme and
others, and also nitro combinations (ethyl nitrate, amyl nitrate and
others). For exsmple, sn sidition of one percent acetyl peroxide
raises the cetane count from 40 to 60. Any increase in the amount of
an addition renders the action of the addition less effective.

2l. Another effective means cf raising thc cetame count 13 by processing
fuels vith selective solutious, the action of which is based on the
elactive dilution of harmful cauponents in the fuel {for exsmple,
aromatics). The solutions used for this purpcse are furfural, liquid
svlphurcus gas and others.
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